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(57) Abstract 

The invention concerns microporous crystalline silico-alumino-phosphate (SAPO) compositions, catalytic materials comprising said 
composition, and use of these for production of olefins from methanol. The catalysts comprise silico-alumino-phosphate materials with 
AEI/CHA-mixed phase composition. Hie invented catalysts have prolonged life compared to those belonging to the prior art 



FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States paity to the PCX on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Sbvenia 


AM 


AimcniA 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland . 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GB 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


T^irlcineniitan 


BF 


BotkinaFaso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mall 


TT 


TVinldad and T(4)ago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United Slates of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


m. 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyzstan 


NO 


Norway 


ZW 


Zimbabwe 


CI 


COte d'lvoire 


KP 


Democratic Peopto'i 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






ON 


China 


KR 


Republic of Korea 


FT 


Portugal 






cu 


Cuba 


KZ 


Kazakatan 


RO 


Romania 






cz 


Czech Republic 


LC 


SaimLuda 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Uberia 


SG 


Slngi^nre 







wo 98/15496 



1 



PCT/NO97/00272 



"A MICROPOROUS CRYSTALLINE SILICO-ALUMINO-PHOSPHATE 
COMPOSITION, CATALYTIC MATERIAL COMPRISING SAID COMPOSITION, 
AND USE OF THESE FOR PRODUCTION OF OLEFINS FROM METHANOL". 

The invention concerns catalysts for methanol to olefins comprising 
silico-alumino-phosphate (SAPO) materials with AEl/CHA-mixed phase composition. 

From Norwegian Patent No. 169 380 (conresponds to US-A- 4 440 871) microporous 
crystalline silico-alumino-phosphates are known and a procedure for synthesising such 
products. These products have a three-dimensional space lattice built up from PO2+, 
AlOj- and SiO^ tetrahedral units, whose most important chemical composition on a 
water-free basis is: 

mR:(Si/lyP,) 0^ 

where "R" represents at least one organic template material which is present in the 
intracrystalline pore system; "m" is the number of moles of "R" present per mole of 
(Si/^lyPJ O2 and m has a value between 0 and 0.3, the maximum value in each case 
being dependent on the molecular dimensions of the template material and the available 
pore volume in the silico-alumino-phosphate structure in question; "x", Y and "z" are 
molar fractions of silicon, aluminium and phosphorus respectively, present as tetrahedral 
oxides. The minimum value of "x". "y" and "z" is 0.01, and the maximum value of V is 
0.98, of "y" 0.6 and of "z" 0.52. The minimum value of "m" in the formula above is 0.02. 

The reaction mixture is achieved by combining at least one part each of the aluminium 
and phosphoms sources in the absence of the silicon source. Then the resultant mixture 
is reacted with the remaining components to get the total reaction mixture. 
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The reaction mixture is placed in a pressure vessel for shaking and then heating under 
autogenic pressure to a temperature of at least 100°C, and preferably between 100 and 
260°C, until a crystalline silico-alumino-phosphate is obtained. The product is extracted 
in any appropriate way, for example by centrifuging or filtering. 

From our own Norwegian Patent No. 174341 an improved method of producing 
silico-alumino-phosphate catalysts for the conversion of methanol into light olefins such 
as ethylene and propylene (the MTO reaction) is known. The improved method of 
synthesis can be used to control chemical composition of the silico-alumino-phosphates. 
especially the silicon content. In particular, it was found that catalysts that are more 
stable towards deactivation by "coking" can be synthesised. which is very important for 
the design of an MTO process based on the synthesised silico-alumino-phosphates. 

From our own Norwegian Patent Application No. 932915 a microporous crystalline 
silico-alumino-phosphate with theoretical composition on a water-free basis after 
synthesis and calcination: 

HxSixAI^PA 

where x has a value between 0.005 and 0.1 and y and z are values between 0.4 and 
0.6, is known. The product has AEI-staicture and has acidic properties. The product is 
useful as sorbent and as catalyst for olefin production from methanol, 

A problem related to all the catalysts known from the above mentioned prior art is that 
the lifetime of the catalysts is limited. 

Thus, a main object of the invention is to produce a catalyst with prolonged life compared 
to those belonging to the prior art 

This object and other objects of the invention are achieved as defined In the patent 
claims listed at the end of this application. 
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The present invention concerns a crystalline sllico-alumina-phosphate microporous 
material containing at least the two phases AEI and CHA, the theoretical, average 
chemical composition of which, on a water-free base after synthesis and calcination, is: 

HxSixAlyPA 

where x has a value between 0.005 and 0.1 and y and z are values between 0.4 and 
0.6, and "X". "y" and "z" are mol fractions of silicon, aluminium and phosphorous 
respectively, present as tetrahedric oxides. The present invention further concerns the 
use of said material for the production of light olefins from methanol, for which said 
material surprisingly has been found to be superior to materials of the same chemical 
composition with either pure AEI or pure CHA phase, as illustrated in examples below. 

The manufactured catalytic material, called RUW-19, consists of small, Irregularty 
shaped particles which, after calcination in air at SSO'C for 4 hours, produce a 
characteristic x-ray diffractogram which at least includes the reflexes stated in Table 1, 
all of which are reflections characteristic of either the AEI-phase. the CHA-phase or both 
phases, and from which the reflection between 2 theta = 9,3 and 9,5 is always the 
strongest. 
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26 


d(A) 


9.3 - 9.5 


9.3 - 9.4 


10.4 - 10.6 


8.3 - 8.5 


12.7-12.9 


6.8 - 7.0 


13.8 - 14.0 


6.3 - 6.4 


15.9-16.1 


5.5 - 5.6 


16.7-16.9 


5.2 - 5.3 


18.9-19.0 


4.6 - 4.7 


20,5 - 20.7 


4.3 - 4.4 


21.0-21.3 


4.1-4.3 


23.7-24.0 


3.7 -3.8 


25.7-26.0 


3.4 - 3.5 


30.9-31.1 


2.8 -2.9 



The product has acidic properties as demonstrated by the fact that > 0.05 mmoles NH^g 
material sorbed at 100«C is desorbed at temperatures > 300^C when it is heated in 
flowing helium at a ramp rate of 10^C/min. 

The content of Si in the calcined product is in the range between 0.2 and 3 % weight, 
preferably between 0.4 and 1.2. The manufactured product has pore openings and 
channels of 4 - 5A diameter, and cavities, the smallest size of which Is > 5 A, as found 
for both the AEI- and the CHA-structures. 

RUW-19 is manufactured from a mixture of reactive sources of SiOj, AI2O3 and Pfi^ and 
an organic template material. Said mixture is manufactured by combining at least one 
portion of the Al-source and the P-source with water, the Si-source and the organic 
template material. The reagents can be added in different orders and quantities, and 
from different sources, but AWsopropoxide, phosphoric acid, colloidal silica and 
tetraethylammonium hydroxide have proved to be particulariy useful sources of AI. P, Si 
and organic template material, respectively. It has further proved convenient to mix the 
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Al-source with the P-source and water first and thereafter adding either the Si-source or 
the organic template material and finally the remaining reagent. The Si-source may also 
be dissolved in the organic template solution prior to blending with the other reagents. It 
is convenient to stir or shake the mixture between each addition, but this is not 
necessary. All the reagents may well be added before stirring or shaking starts. After so 
preparing the precursor gel It is put into a steel autoclave and after a short or long ageing 
period at room temperature the autoclave is heated to a maximum temperature between 
180 and 260»C, for at least 1 hour, and preferably for more than 2 hours. It is important 
that the autoclave is either shaken, stirred or rotated during the entire process of ageing 
and crystallisation. 

RUW-19 comprises as major constituents at least the two silico-alumino-phosphate 
phases with AEI- and CHA-stmctures, and the material is not well defined regarding the 
ratios between the different phases. Any silico-alumino-phosphate prepared in one batch 
crystallisation exhibiting x-ray-reflections characteristic of both phases AEI and CHA are 
defined as RUW-19 catalytic material. This means in practice that the ratio between the 
two phases are always between 0.1 and 10. because otherwise the identification of the 
minor constituent becomes uncertain. Physical mixtures of the two phases AEI and CHA 
prepared by mixing samples of the two pure materials are not defined as RUW-19. 

Typically, RUW-19 is obtained as a product in preparations where some of the critical 
parameters of a SAPO-34-synthesis (see comparative example 5) is combined with 
some critical parameters of a SAPO-18-synthesis (see comparative example 4). This 
does not imply however that RUW-19 is always obtained in such preparations. RUW-19 
Is obtained only when certain critical parameters of a typical SAPO-34-preparation is 
combined with certain critical parameters of a typical SAPO-18-preparation, as described 
and exemplified below. In addition to this there are also some features characteristic of a 
typical RUW-19 preparation which are not found in typical preparations of SAPO-34 nor 
of SAPO-18, such as relatively short synttiesis times and relatively high synthesis 
temperatures and the special decantation step described i example 1 and other minor 
details as can be seen from the examples and the comparative examples and other 
relevant publications in tiie field. 
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SAPO-18 / SAPO-34 mixed phase materials can generally be obtained in a much wider 
range of synthesis conditions than the two pure phases, but not all mixed phase samples 
are necessarily "long life - low coke" MTO-catalysts. 

SAPO-18 / SAPO-34 mixed phase MTO-cataiysts are obtained by including one or two. 
but not all three, of the following synthesis steps 1-3, departing from a typical SAPO-34 
synthesis as described in the second comparative example (Example 5). If non of these 
steps are included a pure SAPO-34 will result, and if steps (1 - 3) are perfonned, a pure, 
or nearly pure SAPO-18 is obtained. 

1. Water and phosphoric add, and optionally HOI should be added to the 
AWsopropoxide one by one, with mixing between each addition. (Column 4 in 
Table 8). 

2. Si02-content in the gel should be below 5%. I.e. Si/(AI+P+SO<0.05. and preferably 
below 0.04 and above 0.D1. and most preferably between 0.015 and 0.025. 
(Column 2 in Table 8). The preferred silica source be a colloidal silica sol. 

3. After addition of the silica source the amount of liquid in the gel should be reduced 
by one or more of the following methods; a) filtration, or b) drying or c) discharge of 
supernatant after sedimentation. (Column 6. 7 and 8 in Table 8). 

Some further synthesis steps favour the crystallisation of mixed phases when not 
all three of the above steps are perfonned. These additional steps are as follows; 

4. Cooling of the gel under running water while shaking bottle gently. (Column 5 in 
Table 8). 

5. Crystallisation temperature (set point on T-controller) should be at least 200'C but 
preferably as high as in the 250 to 260''C-range. Pure phases are preferably made 
in the 200 to 230''C-range. (Column 9 in Table 8). 
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6. Crystallisation time should be shorter the higher the temperature. In the 250 to 
260*C-range the time should preferably be from 2 to 5 hours. Pure phases require 
a longer crystallisation time at lower temperatures. (Column 10 in Table 8). 



A characteristic of the mixed phase samples in general is that they contain more than 
one crystalline phase which can be identified by XRD. Not all such mixed phases are as 
good MTO-catalysts as the mixed phase samples described in the present invention. The 
best samples, i.e. the samples with the longest catalytic lifetime (defined as described In 
Example 1 - 3) and the lowest overall coke selectivity have certain characteristics in 
common, that other mixed phase samples do not have. One such characteristic is that 
they contain at least the phases SAPO-18 and SAPO-34, and may also contain other 
phases such as SAPO-5 having the AFI-structure. or dense phases in limited amounts. 

Another such characteristic is that they have XRD-profiles with only one broad feature in 
the region between 16.6 and 18 degrees 2 theta as illustrated in Fig. 1, merited with an 
asterisk. Pure phases (Example 4 and 5) and post-synthesis prepared mixed phase 
samples (Example 6) do not have such a broad feature, but have instead at least one 
relatively sharp peak in the same region. 

The invention is further explained in the examples and figure below. 

Fig. 1 shows the XRD-traces of the 15 - 33 degrees 2 theta region for the products of 
examples 1-6. 
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Example 1-3 show synthesis of SAPO-18/SAPO-34 -"intergrowths" according to the 
invention. Example 4-6 are comparative examples. 

X-ray diffraction was performed on a Siemens diffractometer type D 5000 with Ni-filtered 
CuK-radiatlon and run in stepscan mode with steps J9.02 degrees and 1 sec. collect time 
per step. The intensities in Tables 2-7 have been given in letter codes according to the 
following scale: 



Letter code Intensity (counts) 

ws > 1000 

vs 500 - 999 

s 250 - 499 

m 100-249 

w 40-99 

vw < 39 



Identification and quantification of the different phases; 

The AEI and CHA phases were identified and semi-quantified by XRD. For quantification 
the heights of two diagnostic peaks were measured; the 5.5A-peal( for the CHA-phase 
and the 5.2A-peak for the AEI-phase, and divided by the heights of the same peaks in 
pure samples (Example 4 and 5), arbitrarily assessed 100% crystalline. The quantities of 
the different phases in the examples and othenvise in the text are thus always to be 
understood as detemiined according to this operational method. In the examples the 
percentages given refer to the sum of the crystalline material, whereas the values given 
in table 9 refer directly to the peak intensities compared to Example 4 and 5. 



Example 1 
(MTO-RUW-356.) 

An aluminium phosphate-gel was first prepared by adding 212 g of a solution consisting 
of 55 g 85% HjPO^and 151 g distilled water and 6 g HCI to 109 g of Al-isopropoxide in a 
1 litre plastic bottle. The mixture was shaken for one minute, and then transferred to a 
closed Bilchner funnel and evacuated by water suction. The mixture started to boil, and 
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was left to dry for 19 hours, so its weight was reduced from 321 to 135 g. Thereafter 
156g 40% TEAOH was added, shaken for one minute and thereafter 4 g of Ludox LS 
was added and again shaken for one minute, resulting in a gel with the composition, 
expressed in terms of the molar oxide ratios, excluding water and isopropanol: 
O.79TEA2O: 1 AI2O3 : 0.075 SiOj: 0.89 

The gel was thereafter stin-ed for one hour with magnetic stin-er. The resulting mixture, 
weighing 293 g was equally divided in 3. and one third was transfen^ed to a Teflon lined 
autoclave. The autoclave was then put in an Al-heating block, and heated to 260X. After 
2 hours the autoclave was withdrawn and immersed in water for cooling. The content 
was centrifuged, and the solid redispersed in distilled water once, and again centrifuged 
(3600 rpm). The sediment was dried at 100°C over night. Dry weight of the solid product 
was 8.4 g. which was only about 50 % of the used reactants. on oxide basis. A portion of 
the product was calcined in dry air at 550°C for 5 hours. After calcination, the 
silico-alumino-phosphate mixed phase product has a crystalline structure whose X-ray 
powder diffraction pattern shows the following characteristic lines as indicated in Table 2 
below. 
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2d 


a(A) 


1 


9.41 


9.39 


ws 


10.55 


8.38 


w 


12.83 


6.90 


m 


13.30 


8.65 


w 


13.89 


6.37 


vw 


15.96 


5.55 


m 


16.77 


5.28 


w 


18.94 


4.68 


w 


19.62 


4.52 


vw 


20.55 


4.32 


m 


21.17 


4.19 


w 


23.04 


3.86 


w 


23.81 


3.73 


vw 


25.89 


3.44 


w 


30.99 


2.88 


w 



The X-ray diffraction analysis revealed that the crystalline product was composed of 
approximately 60 % SAPO-34 and 40 % SAPO-18. 

The composition of the solid, calcined product was established, by means of chemical 
analysis, as 

46.6 % AI2O3. 5.0 % SiOj. 48.4 % Pp^. 

which produced a product composition, with regard to the main components, of 
Sio.05Ala54Po.41O2' These results showed that Si was enriched in the crystalline product as 
compared to the composition of the gel. 
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Example 2 
(MTO-RUW<305.) 

An aluminium phosphate-gel was first prepared by adding a solution of 15.4 g of 85% 
phosphoric acid. 0.4 g of 37% HCI and 36.7 g of distilled water to 27.2 g of aluminium 
isopropoxide in a 1/4 litre PE-bottle. The bottle was shaken for 1 minute. Next 1.1 g of 
Ludox LS colloidal silica was added, and the bottle was again shaken for 1 minute. Then 
49.2 g of 40% TEAOH was added. The composition of the gei, expressed in terms of the 
molar oxide ratios, was: 

1 TEAp : 1 AIA : 0.08 SiOj : 1 PA- 59 H^O : C3H7OH. 

The bottle was shaken for 1 minute, and left standing for 1/2 minute resulting in a 
separation of phases in the gel. 25 ml of the relatively clear supematant was discharged 
and the rest of the mixture was transfen-ed to a teflon-lined autoclave, which was put in 
an aluminium heating block on a shaking-board at 90°C for 2 hours whereafter the 
temperature was increased to 260°C. and the mixture was heated for 4 hours at this 
temperature. After cooling the product was washed with distilled water and centrifuged. 
The sediment in the centrifuge tube was dried at 100°C over night. 

A portion of the product was calcined in dry air at 550°C for 5 hours. After calcination, the 
silico-alumino-phosphate mixed phase product has a crystalline structure whose X-ray 
powder diffraction pattern shows the following characteristic lines as indicated in Table 3 
below. 
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Table 3: 



26 


d(A) 
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7.33 


12.05 


ws 


9.42 


9.33 


ws 


10.51 


8.41 


w 


12.78 


6.92 


m 


13.86 


6.38 


vw 


14.77 


5.99 


w 


15.97 


5.54 


w 


16.82 


5.27 


w 


18.96 


4.68 


vw 


19.60 


4.53 
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20.56 


4.32 
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21.11 


4.20 


m 


21.72 


4.09 


m 


22.30 


3.98 


m 


23.94 


3.71 


vw 


25.79 


3.45 


m 


28.95 


3.08 


vw 


29.86 


2.99 


w 


31.02 


2.88 


w 


34.36 


2.61 


w 


35.72 


2.51 


vw 


37.79 


2.38 


vw 



The X-ray diffraction analysis revealed that the crystalline product was composed of 
approximately 33 % SAPO-5. 22 % SAPO-34 and 28 % SAPO-18, and an additional 17 
% of other phases. 
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Example 3 
{MTO-RUW-335T.) 

An aluminium phosphate-gel was first prepared by adding a solution of 61.6 g of 85% 
phosphoric acid, 0.8 g of 37% HCI and 146.8 g of distilled water to 109 g of aluminium 
isopropoxide in a 1 litre PE-bottle. The bottle was shaken for 1 minute and was left for 
15 minutes whereafter it was filtered (water suction / black ribbon paper) for 15 minutes. 
The solid residue was then put in an oven at lOO^'C resulting in a dry material with a total 
weight of 100 g. 50 g of this dry material was added to a mixture of 39.4 g of 40% 
TEAOH and 2 g of Ludox LS-30 which had been stin-ed over night. The composition of 
the gel, expressed in temis of the molar oxide ratios, excluding water and isopropanol, 
was: 

0.4 TEAjO : 1 AljOj : 0.075 SiOj : 1 Pfi^. 

The resulting gel was shaken for 1 minute and then transferred to a teflon-lined 
autoclave, which was put in an aluminium heating block on a shaking-board at 90*^0 for 
over night whereafter the temperature was increased to 260°C, and the mixture was 
heated for 4 hours at this temperature. After cooling the product was washed with 
distilled water and centrifuged. The sediment in the centrifuge tube was dried at 100°C 
over night, in the tube. When recovered it was discovered that the dry product consisted 
of a relatively coherent top layer and a relatively powdery bottom layer, and the two 
layers were separated. 

A portion of the top layer of the dry product was calcined in dry air at 550°C for 5 hours. 
After calcination, the silico-alumino-phosphate mixed phase product has a crystalline 
stmcture whose X-ray powder diffraction pattern shows the following characteristic lines 
as indicated in Table 4 below. 
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Table 4: 
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The X-ray diffraction analysis revealed that the crystalline product was composed of 
approximately 63 % SAPO-18. 33 % SAPO-34 and 3 % SAPO-5. 

The composition of the solid, calcined product was established, by means of chemical 
analysis, as 

47.7 % AI2O3. 3.5 % SiO^. 48.8 % Pp^ 
which produced a product composition, with regard to the main components, of 

Example 4 . 
(SAPO-18.) 

(a) 108 g of distilled water was added to 81.6 g of aluminium isopropoxide in a 1/2 litre 
PE-botlle. The bottle was shaken for 1 minute. 45 g of 85% phosphoric acid was added. 
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and the bottle was shaken for 1 minute while cooled by running tap-water. Then 0.6 g of 
37% HCI was added, and the bottle was again shaken for 1 minute while cooled by 
mnning tap-water Next 3.0 g of Ludox LS colloidal silica was added, and the bottle was 
again shaken for 1 minute while cooled by running tap-water. The bottle was then left for 
15 minutes and subsequently filtered for 10 minutes. During the filtration step the weight 
of the gel was reduced by 100 g. The filtercake was then divided in 3 portions, each in a 
250 ml PE-bottle. To one of these bottles was added 49 g of 40% TEAOH. and the bottle 
was shaken for 1 minute. 

The composition of the gel, expressed in terms of the molar oxide ratios, excluding 
water, hydrochloric acid and isopropyl alcohol, was: 
1 TEAjO : 1 AljOg : 0.075 SiO^ : 0.98 P^Og. 

The mixture was then transfen-ed to a teflon-lined autoclave, and left over night on a 
shaking-board at room temperature. Next day the temperature was increased to 215°C, 
and the mixture was heated for 120 hours at this temperature. After cooling the product 
was washed with distilled water and centrifuged. 

A portion of the product of part (a) was calcined in dry air at 550°C for 5 hours. After 
calcination, the SAPO-18 silico-alumino-phosphate has a crystalline structure whose 
X-ray powder diffraction pattern shows the following characteristic lines as indicated in 
Table 5 below. 
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Table 5: 
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The X-ray diffraction analysis revealed that the crystalline product was composed of 
essentially pure SAPO-18. 

The composition of the solid, calcined product was established, by means of chemical 
analysis, as 

37.2 % AI2O3, 1.79 % SiOj, 61.0 % Pfi^ 
which produced a product composition, with regard to the main components, of 

So.02^'a45Po 53^2- 

Example 5. 
(SAPO-34.) 

(a) A solution of 15.4 g of 85% phosphoric acid and 36.7 g of distilled water was added 
to 27,2 g of aluminium isopropoxide in a 1/4 litre PE-bottle. The bottle was shaken for 1 
minute. Next 4.0 g of Ludox LS-30 colloidal silica was added, and the bottle was again 
shaken for 1 minute. Then 49.2 g of 40% TEAOH was added. The composition of the 
resulting gel, expressed in temis of the molar oxide ratios, was: 
1 TEA20 : 1 AI2O3 : 0.3 SiOj : 1 : 64 Hfi: 6 C3H7OH. 

The bottle was shaken for 1 minute, and the mixture was transferred to a teflon-lined 
autoclave, and left over night on a shaking-board at room temperature. Next day the 
temperature was increased to 215°C, and the mixture was heated for 120 hours at this 
temperature. After cooling the product was washed with distilled water and centrifuged. 
A portion of the product was calcined in dry air at 550°C for 5 hours. After calcination, the 
silico-alumino-phosphate mixed phase product has a crystalline stnjcture whose X-ray 
powder diffraction pattem shows the following characteristic lines as indicated in Table 6 
below. 
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Table 6: 
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The X-ray diffraction analysis revealed that the crystalline product was composed of 
essentially pure SAPO-34. 

The composition of the solid, calcined product was established, by means of chemical 
analysis, as 

45.9 % AI2O3, 9.6 % SiOj. 44.5 % PA. 
which produced a product composition, with regard to the main components, of 

2'o.095Alo.533Po.372^2* 
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Example 6. 

A physical mixture of SAPO-18 and SAPO-34 was prepared by mixing 1 g of the product 
form the first comparative example above (Example 4) with 1 g of the product form the 
second comparative example above (Example 5). The combined batch was mixed well, 
and was calcined in dry air at 550°C for 5 hours. The calcined physical mixture so 
obtained had an X-ray powder diffraction pattern characterized by the following 
characteristic lines as indicated in Table 7 below. 
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Table 7: 
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The data in Table 9 are organised in 11 columns representing the following data; 



1. Example number. 

2. Content of AEI-component detennined as intensity of the 5,27A-peak 
(+0.02A). Example 4 product used as reference=100%. 

3. Content of CHA-component detennined as intensity of the 5.55A-peak 
(±0.03A) minus the intensity of the 5.27A-peak. 

Example 5 product used as reference =100%. 

4. Content of AFI-component estimated from the sum of the intensities of the 
19.7A + the 22.4A-peak. A pure and well crystalline SAPO-5 used as 
reference=100%. 

5. Content of other phases, mostly dense quarz- or cristobalite analogues. 

6. The ratio of AEI/CHA in the sample calculated from the values in columns 
2 and 3. 

7. Sum of AEI + CHA, i.e. column 2 + column 3. These values are refenred 

to as "overall crystallinity" in the text but are in fact only the overall intensity 
of selected peaks in the diffractograms. 

8. The height /width at half height of the 4.9A peak. 

9. Minimum crystal dimension as observed on SEM-micrographs, i.e. the 
shortest side of a crystal that can be identified as AEI or CHA by its flat 
square or cubic shape, respectively. 

10. Catalytic lifetime in minutes, defined as the time when DME approaches 1% 
on carbon basis in the product stream. For samples tested more than once 
mean values are given. 

1 1 . Ethylene in product stream at measured as weight% on carbon basis. 
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Patent claims 

1. A microporous crystalline silico-alumino-phosphate composition, the theoretical 
composition of which, on a water-free base after synthesis and calcination, is: 

HtSi^lyPA 

where w and x have a value between 0.01 and 0.05 and y and z are values 
between 0.4 and 0.6, wherein the composition is a mixed phase comprising 
silico-alumino-phosphates of AEI and CHA structure, the product after calcination 
in air at 550X for 4 hours, produces a characteristic X-ray diffractogram having at 
least the reflections as shown in Table 1: 
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2. A silico-alumlno-phosphate composition according to claim 1, 

wherein the composition comprises at least a mixture of SAPO-34 and SAPO-18. 
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3. A silico-alumino-phosphate composition according to claim 2. 

wherein the ratios of SAPO-34 and SAPO-18 is between 4:1 and 1:4. preferably 
between 2:1 and 1:2. 

4. A silico-alumino-phosphate composition according to claim 1, 
characterized in that it has a characteristic X-ray diffractogram as 
shown in table 2: 
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5. A siiico-alumino-phosphate composition according to claim 1 . 

characterized in that it has a characteristic X-ray diffractogram as 
shown in table 3: 
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6. A silico-alumino-phosphate composition according to claim 1. 

characterized in that it has a characteristic X-ray diffractogram as 
shown in table 4: 
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7. Catalytic material comprising silico-aiumino-phosphates, wherein the material 
comprises a mixed phase composition of SAPO-materials according to those 
defined in claim 1, with AEI and CHA stmcture in ratios between 4:1 and 1:4, 
preferably between 2:1 and 1:2. 

8. Catalytic material according to claim 7, wherein the material comprises a mixed 
phase composition of SAPC)-34 and SAPO-18. and the sum of SAPO-34 and 
SAPO-18 comprises at least 40 % of the total sample. 

9. Catalytic material according to claim 7, wherein the crystal size is in the range 
0,001-10 fim. preferably between 0,01- Ijim. 
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10. Catalytic material according to claim 7, wherein the height over width of the 4.9 
A-reflection Is lower than for the pure phases, and preferably below 3. 

1 1 . Method for preparation of a catalytic material according to claim 7, from a mixture 
of reactive sources of SiO^, A\fi^ and and an organic template material, by 
combining at least one portion of the Al-source and the P-source with water, the 
Sl-source and the organic template material, 

charaterized by including one or two, but not all three, of the following 
steps a-c; a) addition of water and phosphoric acid, and optionally HCI to 
Al-isopropoxide one by one. with mixing between each addition, b) keeping the 
SiOj-content below 5%. i.e. Si/(AI+P+Si)<0.05, c) reducing the amount of liquid 
after addition of the silica source. 

12. Use of a product according to claim 7. as a catalyst in the production of olefins 
from methanol. 

13. Method for the production of olefins from methanol, wherein there is used a 
catalyst comprising a sllico-alumino-phosphate composition according to claim 7. 
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